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THE BURDEN OF RHEUMATOID DISEASE AND LIMITATIONS OF 
/ CURRENT THERAPY 

Rheumatoid arthritis (RA) is a chronic disabling and painful disease of multiple 
joints which is prevalent in all parts of the world. Population studies suggest that 
around 1% of the population is affected, the disease being three times commoner 
amongst women than men. The peak incidence is in middle age but no age is 
exempt and it afflicts all age groups including children and the elderly. Although 
the disease spectrum is broad, ranging from mild to severe, the disabling effects 
are cumulative and, in the severe group, associated with premature death (Erhardt 
et al. 1989, Pincus & Callahan 1993). 

Current management of RA is based around a multidisciplinary team with 
drug therapy playing a key role in alleviating symptoms, maintaining mobility 
and slowing the progression of joint damage. However, a great majority of pa- 
tients require frequent, changes in drug therapy due to loss of efficacy and/or to 
toxicity and the lack of significant control of disease becomes all too self-evident 
in the second decade from onset. Surgical treatment, including multiple joint 
prostheses, provides respite but highlights the failure of medical treatment. The 
economic, sodal and personal cost of RA is clearly unacceptable and motivates 
the search for better and more effective therapeutic and preventative measures. 
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NE\y THERAPIES BASED ON TARGETING DISEASE MECHANISMS 
Initiating factors and cellular targets 

Attempts at discovery of effective novel cures for RA are based on the premise 
. ;that.;to pathogenesis of^RA iias Advance^ 

nificantly enough to construct hypotheses which define cellular and/or molecular 
targets. The etiology of RA is largely unknown, ialthough population and family 
Studies/ together with bb^fv^ c6^ 

twins, indicate that multiple germline genes arc implicated with the genetic contri- 
bution to RA of 1 5% (Silman et al. 1993); however j a recent re-analysis has sug- 
gested that genetic factors could account for up to 60% of susceptibility (Mac- 
gregor & Silman 1994). The polymorphic HLA-DR /5 chain genes (some DR4 
subtypes and DRl), encoding the *shared epitope* pentapeptide sequence 
QRRAA, appears to be the main identified susceptibility gene (Gregersen et al. 
1987). However, in the majority of patients a major role is attributed to non- 
genetic factors, and it is suggested that environmental factors, sex hormones and 
function of the hypothalamic-pituitary-adrenal axis, play a part (Reviewed in Sil- 
man & Hochberg 1993, Masi 1994, Chikanza et al. 1992). The association of RA 
with a HLA-DR molecule, which is involved in antigen binding and presentation 
to T cells, the presence in rheumatoid joints of activated memory T cells, and of 
autoantibodies in serum of patients, has suggested an important role for an im- 
mune response in initiating and maintaining RA. However, no convincing evi- 
dence for a rheumatoid specific antigen has been forthcoming, although antigens 
such as collagen 11, abundant in cartilage, are possible candidates, and do elicit 
an antibody response in a majortity of DR4 positive RA patients (Ronnelid et 
al. 1994). Indeed we have documented a single RA patient in whom collagen II 
specific T-cell clones were repeatedly cloned from joints over a. period of several 
years (Londei et al. 1989), but, in general, we can only dembnstrate T-cell reac- 
tivity to collagen II antigens in a minority of RA patients. Alternatively, analysis 
of T-cell receptors in the joints in some studies has pointed to a restriction and 
selection bias which could suggest the involvement of. superantigens (Paliard et 
al. 1991). 

Since the involvement of T cells is central to the immunological paradigm, a 
great deal of attention has been paid to characterizing the prominent Tcell infil- 
trate in RA joints. The results of these investigations have led to the genera! 
conclusion that CD4"^ cells of the memory phenotype which bear activation 
markers are predominant (Panayi et al. 1992). Although there is a lack of consen- 
sus on the level of T cell cytokine expression, with the majority of investigators 
only finding low, but detectable, levels of interleukin-2 (IL-2) and interferon y 
(IFNy) at protein level (Firestein & Zvaifler 1990, Buchan et al. 1988a), there is 
an emerging consensus that there is a deficiency of IL-4 secretion in established 
disease (Moissec et al. 1990, Simon et al. 1994). However, at mRNA level IFNy 
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is consistently detectable (Buchan et al. 1988a, Cohen et al. '^^l^^]:^^^ 

::^;predoniih^Ace:6f^ 
compatible with a T cell driven chronic inflammatory disease. ..^ 

T^ese concepts of the etiopathogenesis of RA have sugg«^^^ 
%p^l&u^^^ ranger from proposak *aW 

lat^g sc. hormones or supplementing corticosteroids to ^^^o."^;^ 
k^lpJiit^a^enalkxis^ ^ 
whidi effoctively 'block* the HLA antigen- binding site thus prcvenUng its occu- 
pation by a putative RA specific autoantig^n. For those invesUgatoi^ convinced 
that collagen H is an important autoantigen,^ttempts ate being made to define 
tmlnodLinant or cryptic epitopes that might induce to^^^^^^^^ 
temic administration or via the oral route (Jrentham et al. 1993). ^^^^^^^ 
strations that with substitutions of one or two ammo aads, ^"^^^^^^^^^^^^^^^ 
are converted into antagonists, which result in immunological unresponsiveness 
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Target 



Observation 



Sex hormones 

Hypothalamic- 
piluitary-ad renal axis 

HLA DR4/1 
Antigen 

Supcrantigcn 
Thl cells 

T ceils 



Gut associated lymph- 
oid system 



Female preponderance 
Oral contraceptives protective 

Disturbed, poor corticosteroid 
response to surgical stress 
Association of *shared epitope' 
with severe RA 

B and T cell collagen II reactiv- 
ity 

Restricted TcR usage with 
CDR3 diversity 
Predominant Thl cell in joints 
is pro-inflamnriatory; IL-4, IL- 
12 anti-inflammatory and devi- 
ate to prot^ive Thl response 

Activated, CD4* memory cells 
enriched in synovium 



Oral collagen II induces by- 
stander suppression via TGF-^ 
producing cells trafficking to 
joints 



Possible therapy 

Anli-ocstrogcns, male sex hor- 



mones 

Progestcrones 

Early use of corticosteroids 

Peptide blockade 

Induce tolerance by altered 
peptide ligands or soluble im- 
munodominant peptides 

Induce tolerance with super- 
antigens 

lL-4 (IHO) therapy 



IL-2 diphtheria toxin conju- 
gate and monoclonal antibody 
therapy, eg., anti-IL-7, anii- 
CDW52, anti-CD4, anti-CD5 

Oral collagen feeding 
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or induce secretion of anti-ihflarrima^^^ (e.g., IL^IO), have raised 

hopes that peptide therapy may prove useful in RA (EVavoId et al. 1993). Periph- 
eral tolerance, under certain circustances, can also be induced by supcrantigens 
(O'Heir & Lamb 1990), Other manipulations with regulatory cytokines can con- 
' y^^{:^::P^^ Tlil..resj>onse to an anti- - 

iriflammkory. fhl 'nKporis^Ybr exVm with bencsfi^ 

cial results (Racke et iai. 1994). 

: Whilst many of these ideas are in -early stages of developmertt,'T cell targ 
therapies have already been used in clinical trials in RA. The major therapeutic 
modality has been the tise of monoclonal -murine and chimeric artti-GIM anti- ' 
bodies on several hundred patients; ..additionally, a monoclonal antibody anti- . 
CD5-toxin, murine anti-CD7 monoclonal antibody, a humanized .anti-CDW52 
monoclonal antibody (CAMRATH-IH) and an IL-2 diphtheria fusion toxin have 
all been used in clinical trials (reviewed by Elliott & Maini 1994). However, en- 
couraging data from early open-label studies have not withstood more rigorous 
randomized placebo-controlled trials with disappointing results reported for anti- 
CD4, anti-CD5 immuno-conjugate and IL-2 diphtheria toxin fusion proteins 
(Moreland et al. 1993a, Van der Lubbe et al. 1994, Oisen et al. 1994, Moreland 
et al. 1993b). Progress with further testing of the promising results with CAMr 
PATH-IH (Isaacs et al. 1992) has been set back by reports of susceptibility to 
virus and bacterial infections in treated patients. 

Attempts at inducing antigen-specific regulatory T cells have been put to clin- 
ical trial by daily oral feeding of collagen type II, a. constituent of cartilage, to 
RA patients in order to induce *by-stander' suppression of activated T cells in 
joints (Trentham et al. 1993). In this approach it is speculated that oral xenogeneic 
collagen II activates a population of immunoregulatory gut associated lymphoid 
cells, which home to the joints, and there receive further activation signals from 
antigen-presenting cells which have locally processed collagen II from damaged 
cartilage. Here, anti-inflammatory cytokines such as TGF-^ produced by the Th2, 
lymphocytes originating from gut, suppress pro-inflammatory Thl cells (Chen et 
al. 1994), Promising results have been reported in early trials with some patients 
showing remission of their RAi 



Cytokines and and-cytokines 

In our research, we have focused our attention on cytokines as promising thera- 
peutic targets, since in the past decade impressive progress has been made in 
isolating a number of cytokines and their cognate receptors, and interactions 
between them which mediate the biological and pharmacological functions rel- 
evant to the pathogenesis of RA (Feldmann et al. 1993). For example, cytokines 
provide a framework for understanding how drculating leukocytes might adhere 
to and migrate into inflammatory sites, of which the RA joint is an example. At 
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In terms of specific cytokines found in RA joints, research from a number of 
latoratpries, including ours, leads to the conclusion that many of the cytokines 
aire abundantly expressed during both the chronic and acute stages of disease, 
even in patients receiving *optimar anti-rheumatoid therapy. These abundantly 
expressed cytokines include IL-Ia, II^I^ and tumor, necrosis factor (TNFa) 
which exert pleiotropic, overlapping and synergistic biological effects relevant lo 
the joint pathology of RA (Buchan ct al. 1988b). Relevant biological effects in- 
clude induction of adhesion molecules such as E-selectin, intercellular adhesion 
molecule (ICAM-1) and vascular cell adhesion molecule (VCAM-1) which pro- 
mote cell migration and adhesion in joints (Bevilacqua 1993), induction of in- 
flammatory and tissue-damaging molecules such as prostaglandins and collagen- 
ases (Dayer et al. 1985); nitric oxide (Palmer et al. 1993); and effects on cellular 
function,. such as activation of osteoclastic resorption of bone, and suppression 
of anabolic activity of chondrocytes and osteoblasts, thereby impairing regenera- 
tion of cartilage and bone (Saklatavala et al. 1985, Gowen et al. 1983). Other 
locally produced cytokines with relevant pro-inflammatory activity are chemokin- 
es, such as IL-8 (Brennan et al. 1990b) and RANTES (Schall !99l),.which attract 
polymorphs and macrophages lo joints; and GM-CSF which mobilizes and acti- 
vates granulocytes and macrophages from the bone marrow, as well as mediating 
local effects, such as upregulating HLA Class II expression and interleukin-l 
production, all of which ultimately promote inflammation. I L-6 is also over-pro- 
duced and is important in inducing acute phase proteins by hepatocytes (Hirano 
et al. 1988). its local action on differentiation of B cells may contribute to produc- 
tion of antibodies (hence immune complexes) which are pro-inflammatory, a pro- 
position consistent with clinical benefit attributed to the use of intravenous anti- 
antibody (Wendling et al. 1993). Therefore, blocking the activity of individ- 
ual cytokines found in RA joints, i.e. Il^l, TNFa, IU8, RANTES, GM-CSF 
and lLr6 might be expected to result in anti-rheumatoid effects, but the prospect 
of developing specific molecular inhibitor drugs for each cytokine is a daunting 
task, and fortunately subsequent events have shown it to be unnecessary {vide 
infra). 

An appealing alternative therapeutic approach is based, on exploiting the pro- 
duction of naturally occurring inhibitors of cytokines produced in RA joints. 
RA inflammation is characterized by enhanced, but insufficient, production of 
interleukin-l receptor antagonist (IL-lra) and soluble TNF receptors, whicli are 
the specific inhibitors of IL-l and TNFa respectively (Deleuran et al. 1992a, Cope 
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et • ai! I S>92), and of I L- 10 (katsikls et at 1 994)7 which inliibits synthesis of I L- 1 
and TNFo:. Augmenting inhibitor production in situ or supplementing inhibitor 
by injecting recombinant soluble receptors/usually as multimeric-immunoglob- 
ulin fusion proteins, in order to increase affinity and biological half-life in vivo, 
..prpYicl^^further.scppeJpjc^^^^ . ... , . 

PiyOTALR 

Our hypothesis that TNFa is a potential target for therapeutic intervention in 
• RA-was derived from cxpcrinventSvpcrformed M^yiUO :0n:r^ tissue. 
These studies indicated that dissociated sjiiioyial tissue mononuclear cells 
(MNGs) from RA paUents were highly activated, and if placed in culture would 
produce cytokines spontaneously for 5-6 days without exogenous stimulation. 
The cytbkines which are produced in abundance iticlude tl>la and IL-1^ (Buch- 
an et al. 1988b), TNFa (Brennan et al. 1989), IL-6 (Hirano et al. 1988), IL-8 
(Brennan et al. 1990b), TGF^ (Brennan et al. 1990a), GM-CSF (Haworth et al. 
1991) and, as shown more recently, IL-10 (Katsikis et al. 1994). As IL-l and 
TNFa have pro-inflammatory potential implicated in the pathogenesis of RA, we 
focused on the regulation of these cytokines. 

Using a polyclonal anti-TNF antibody to block TNFa activity in the RA syn- 
ovial cell cultures, we observed that this also resulted in the inhibition of IL-l 
production (Brennan et al. 1989). the result suggested the presence of a 'cytokine 
cascade' within the synovium, with the prediction that blockade of a pivotal cyto- 
kine in this network would subsequently lead to blockade of other cytokines 
'downstream'. This indeed was found to be the case in that the production of 
other pro-inflammatory cytokines including GM-CSF (Haworth et al. 1991), IL- 
6 and I L^8 (Butler et al. submitted) was also modulated by TNFa blockade. The 
biological effect of TNFa is enhanced further by our observation that both p55 
and p75 surface TNF receptors are iipregulated on RA synovial tissue cells (Bren- 
nan et al. 1991, Deleuran et al. 1992b) (Fig. 1). Indeed, CD68 positive macro- 
phages at the cartilage pannus junction (Chu et al. 1992) also express abundant 
p55 and p75 TNF-R, indicating the potential of these cells to respond in an 
autocrine manner. The biological activity of TNFa is regulated to some degree, 
however, by the production of its native inhibitors soluble p55 and p75 TNF-R. 
These soluble TNF-R are also found in elevated amounts in RA plasma and in 
particular, in synovial fluid where their presence in excess neutralizes TNFa activ- 
ity (Cope et al. 1992). The production of sTNF-R is insufficient however, as bi- 
oactive TNFa was found in all RA synovial MNC cultures tested. 

A second immunoregulatory molecule. IL-10, is also abundantly produced by 
RA synovial MNC cultures (Katsikis et al. 1994). Endogenous IL-10 was found 
to be functional as its neutralization enhanced TNFa and IL-l production 2-3 
fold (Katsikis et al. 1994), indicating that as in the production of other cytokine 
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Figure y, TNFa and p55 TNF-R demonstrated by immunohisiology of synovium and carli- 
lage-pannus junction in a RA joint. Majority of bells in synovial layer co-stain for TNFa 
(a) and TNF-R (b); similar co-localization of TNFa (c) and TNF-R (d) is observed at. 
cartilage-pannus junction^ 



inhibitors including sTNF-R (Cope et al. 1992) and the IL-Ira (Deleuran et.al. 
1992a) homeostatic mechanisms are present in inflammatory environments, albeit 
in insufficient quantities, since cytokine production and the consequential path- 
ological changes continue to occur. 

EVIDENCE FOR THE IMPORTANCE OF TNFa FROM ANIMAL MODELS 

Murine collagen-induced arthritis (CIA) has been extensively studied as a model 
for human rheumatoid arthritis (RA), principally because of the pathological 
similarities between the two diseases, including similar patterns of synovitis, 
pannus formation and erosion of cartilage and bone (Stuart et al. 1984). In ad- 
dition, susceptibility to both human RA and murine CIA is linked to specific 
MHC class II genes, suggesting that an important step in the development of 
both diseases is the MHC-restriaed activation of CD4+ T cells (Holmdahl et al. 
1989). 

The CIA model has been used to elucidate pathogenic mechanisms of relevance 
to human disease and to identify potential targets for therapeutic intervention. 
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One of the methods used in such Studies involves the administi^tion of potentially 
p^ithological cytokines to'naiVe mice or tb mice preVibuSly' ininluriized with type 
11 collagen in order to demonstrate altered expression of disease. For example, 
the local administration, in recombinant form, of IFN-y, IL-1^, or TNF to type 
II xx>I.lagenTimniunized has^ J)eea.$houai:^o r^ult. inr^qc^lerat]^ onset and .• 
^naeasea sw of'ci/^, ^^uig^tin^ - thVt thi^'^i^^ are irivolVM in' 
induction of arthritis (Mauritz et al. 1988; Honi et al^ 1988^ Thorbecke eit al. 
1992; Cooper et al.. 1 992^ Brahn et aL :i9?2), tJpnc t)f the cytokines, however, was 
capable of initiating arthritis when injected into unimmunized mice, indicating 
that'they couid'^ot; on their own; elicit a sustained inflammatory response How- 
ever, the. o^perimenta! approach adbptjcd in these .studies has a. number of limi- 
tations, including the fact that qytokines generally have extremely short half-lives 
inyivo. 

An iaiterriative approach would be to lise transgenic mice to situdy the patholog- 
ical efTects arising from the sustained over-expression of cytokine transgenes. This 
approach powerfully demonstrated the arthritogenic potential of over-expression 
of TNFa in the joints of 3'-modiiSed human TNFh-transgenic mice, which spon- 
taneously develop a chronic arthritis that is prevented by anti-TNF treatment 
(Keffer et al. 1991). Our histopathological studies on the Kolias hTNF-transgenic 
mice show that the joints of these mice exhibit similar inflammatory lesions to 
those found in human RA, including proliferative synovitis and pannus forma- 
tion. Most importantly, necrotic chondrocytes are oberved in the joints of hTNF- 
transgenic mice as well as severe focal erosions of sub-chondral bone (Fig. 2). 
These findings clearly show that the dys regulated expression of TNF is alone 
capable, of inducing many of the pathological changes that are seen both in hu- 
man RA and murine CIA, including full-blown destruction of cartilage and bone. 

An alternative to the study of cytokines that contribute to the pathogenesis of 
arthritis is to treat collagen-arthritic mice or rats with specific anti-cytokine 
agents in order to show a reduction in disease severity. EH>llowing the identification 
of pro-inflammatory cytokines, in particular TNF and IL-1, in the joints of RA 
patients (Chu et al, 1991, Chu et al. 1992), we and others set out to address the 
question of whether the neutralization of such cytokines would lead to amelior- 
ation of autoimmune arthritis. A number of studies focused on the effect of anti- 
TNF treatment in CIA, partly because of data accumulated in our laboratories 
suggesting that, in RA at least, TNF was playing an important role in the induc- 
tion of other pro-inflammatory cytokines. In CIA, two studies showed that mono- 
clonal or polyclonal anti-TNF antibodies, administered before the onset of clin- 
ical arthritis, protected against the subsequent development of disease (Thorbecke 
et al. 1992, Piguet et al. 1992), Similariy, soluble TNF receptors, which are 
thought to serve as endogenous regulators of TNF activity, also protected against 
CIA when given during the pre-arthritic period (Piguet et aL 1992). 

Our own research has focused largely on the effects of anti-TNF treatment in 
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Figure 2, A: Light micrograph showing the carlilagc-bonc-pannus region of a knee joint 
from a hTNF-transgcnic mouse. Note the focal erosion of sub-chondral bone by cellular 
pannus and loss of chondrocytes in cartilage. B: Normal joint and surfaces from non- 
iransgcnic lilicrmaic with chondrocyte-rich cartilage and normal bone. 
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established CIA; because of the greater significant of such studies in terms of 
human therapy. We were able to show that a hamster IgGl anti-TNF monoclonal 
antibody (mAb) (TN3.19.12) administered over a 10-day period, starting imraedi- 
... .^tgjy:after.<^^^ 

score and .supf5r«s©d'p^w^li^ wltKouraiteiing aniiating ici^els of anti-type 
II collagen IgG (WUliams et al. 1992). In addition, histological analysis showed 
that ^ti-TNF treatment resulted in a significant rfedudtiori i^^^^^ 
to control arthritic mice, as determined by the proportion of prpximal-interphal- 
angeal (PIP) joints showing erosive dianges^(Tabte - . . . 

The long-term administration to man of antirTNF mAbs containing epitopes 
of murine origin may be limited by the development of a neutralizing antibody 
response (Waldmann 1991). A TNF receptor4gG fusbn protein (of cnti^^^ 
man origin hixt containing neo-epitopes at the junction of IgG and TNF receptor) 
may, therefore, provide a less immunogenic alternative to mAbs, provided that 
the fusion protein can be shown to be effective in vitro. In one study, a human 
p75 TNF receptor-Fcy fusion protein was found to reduce the clinical severity of 
CIA, whether administered before or after the onset of arthritis (Wooley et al. 
1993a). We were subsequently able to confirm the clinical efficacy of this form of 
treatment in established CIA using a human p55 TNF receptor-IgG fusion pro- 
tein. In addition, we found by histological assessment that treatment with p55 
TNF receptor-IgG had resulted in a significant reduction in joint erosion (Table 
II) (Williams et al. 1995). 

Studies to assess the effect of blocking IL-1 have also been carried out in CIA. 
Thus, I L- 1 ra and anti-IL- Ifi mAb bo th suppressed CIA when treatment was started 
before disease onset (Wooley et al. 1993b, Geiger et at. 1993). Furthermore, treat- 
ment after disease onset with polyclonal anti-IL-la//?, or anti pro- 
foundly suppressed both inflammation and cartilage destruction (Van den Berg et 



TABLE II 


Treatment 


Dose 


PIP joints wth erosions 


Saline 
Control mAb 
Anti-TNF (TN3-19. 12) 


300 Mg 
300//g 


15/15(100%) 
15/15(100%) 
9/15 (60%) P<0.05 


Saline 
IgG control 
TNF reccptor-IgG (p55-sf2) 


100 //g 
100 A/g 


11/12(92%) 
6/6 (100%) 
6/12 (50%) P<0.05 



Reductions in joint erosion following treatment of established CIA with anti-TNF mAb or 
p55 TNF receptor-IgG fusion protein. Both TNF-neiitralizing agents \wrc given three times 
over a 10 day period. At the end of the treatment period, sagittal sections of the PIP joints 
of the middle digits were studied in a blinded fashion for the presence or absence of erosions 
(defined as demarcated defects in cartilage or bone filled with inflammatory tissue). Based 
on original data published in Williams et al. (1992) and Williams et al. (1995). 
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IP joints with erosions 

15/15 (100%) 
15/15(100%) 
9/15 (60%) P<0.05 

11/12(92%) 
6/6 (100%) 
6/12 (50%) P<0.05 
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^a.I>I9§4)/j^^ 

of CIA, Howewr, in the TNFor ^rahsgeiiic mouse, disease model in which the ar- 
thritis is driven by TNFa, anti-II>l therapy also ameliorates disease (Kolias, per- 
sonal comfnumcatibn),. These "daita' are cdrisisterit ^wth our observations in RA, 
which demonstrate that ITJFa the production of IL-1, and is therefore 

• ' 'a logical therapcutic^if^^^^^ RA; a tNFa-indepehd^^^ 

- pathway of I Wpr6ductionmay^<^^ - v- 

The studies described above indicate that inflammatory cytokine-targeted ther- 
apy is effective in rcdudng the siwerity of CIA, an^ our work on anti-TNF treat- 
ment also indicates that the duration of the therapeutic effect is dependent on 
the presence of excess ariti-TNF mAb in the circulation. However, results in pa- 
tients are different, with the clinical benefit outlasting the 'therapeutic levels' of 
antibody by several weeks (unpublished data). 

Experiments on animal models have provided further data that may be of 
relevance for the treatment of human disease. Early studies, for example, demon- 
strated that anti-CD4 mAb could block the induction of CIA if injected close to 
the time of immunization (Ranges et al: 1985), and this kind of study was used 
as evidence to support the initiation of clinical trials of anti-CD4 in human RA 
(Herzog et al. 1987). In CIA,- however, anti-CD4 treatment was found to be inef- 
fective when given ^//er collagen immunization (Brahn Sc Trentham 1984), a find- 
ing that was confirmed ih a subsequent study which showed that anti-CD4 (reai- 
menl alone was ineffective m established CIA (Hom et al. 1988). Anti-CD4 treat- 
ment in human RA has been shown in a number of open clinical trials to provide 
a degree of transient clinical benefit to some patients (Herzog et al. 1989), al- 
though many patients fail to respond to therapy in spite of severe peripheral T- 
cell depletion (Burmester et al. 1992, Choy et al. 1992). Furthermore, the results 
of at least one placebo-controlled trial of anti-CD4 therapy in RA clearly showed 
a lack of dinical benefit (van der Lubbe et al. 1994) and there is, therefore, a 
degree of concordance between human RA and murine CIA with respect to the 
relative lack of efficacy of anti-CD4 treatment in established disease. 

Having established the distinction in the efficacy of anti-TNF and anti-CD4 
therapy after disease onset we carried out a study to determine whether a combi- 
nation of T cell-targeted therapy and TNF-targeted therapy would have a more 
significant impact on CIA tKan either treatment alone. Thus, DBA/I mice with 
established CIA were given intraperitoneal injections of either a depleting anti- 
CD4 (YTS191.L2nrrA3.1.2) alone, anU-TNF (TN3-19.12) alone or anti-CD4 
plus anti-TNF. The results showed that anti<;D4 m/Ab acted synergistically with 
both a sub-optimal dose (50 ftg) and an optimal dose (300 //g) of anti-TNF mAb 
(Williams et aL 1994), The beneficial therapeutic effects of anti-CD4 and anti- 
TNF were observed both clinically, in the suppression of paw-swelling and in the 
prevention of new limb involvement and histologically, in the protection against 
joint erosion of cartilage and bone. Mice treated with anti-TNF alone developed 
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':a hbn-rieutraliahg am^^ iihtifmFin Ab Which vwaswmpletely 

blocked by concurrent anti-.CD4 treatment, a finding that may be iniportant in 
terms of long-term treatment in man. 

We were subsequently able to provide evidence of synergy between anti-CD4 
and TNF receptor-IgG fusion protein (Williams et al. 1995). As.in the previous 

.cxperimen^^^^^^ 

blocked the anti-TNF receptor-IgG fusion protein response, which in this cxpen- 
. ment iTesuUed jn increased circulating levels of the fusipn proteirL One of the 
possible mechanisms, therefore, to account for the synergy between ahti^D4 and 
TNF,jreceptor-IgG is the piwention of a neutralizing antibody response Icadmg 
to inJteased half-life of the Yusion protein. However, other ihebhaniisms of s^ergy 
also exist bedaiise synergy was bbserved between anti-CD4 and anti-TNF mAb 
in the absence of significant changes in levels of free anti-TNF in the serum (Willi- 
ams et al. 1994). . ' . 

In conclusion, these studies have shown that anti-TNF treatment leads to a 
degree of amelioration of CIA that is significantly increased when combined with 
anti-CD4. It is possible that combination therapy, targeted at the autoimmune 
response as well as the inflammatory cytokine network will provide the basis for 
the future treatment of RA. 

EVIDENCE FOR ROLE ON TNFa FROM CLINICAL TRIALS 
Having gathered in vitro and //; vivo evidence of an important role for TNFa, the 
concept that neutralizing doses of monoclonal anti-TNFa antibody administered 
systemically might suppress RA was finally tested in patients by clinical trials. 
The aims of these trials was firstly to establish proof of principle, i.e., that it was 
possible to demonstrate clinical efficacy of an anti-TNFa chimeric monoclonal 
antibody (cA2) by employing validated clinical and laboratory parameters and 
showing a dose-response effect; secondly, to assess whether the magnitude and 
duration of benefit were sufficiently significant to herald a therapeutic advance; 
and thirdly, to investigate the safety and tolerability of the chimeric monoclonal 
antibody. To date, results of three clinical trials which have been completed on 
93 patients have clearly demonstrated a substantial benefit in the short term m 
80-90% of patients;, following intravenous injection of cA2, with excellent tolera- 
bility and few side-effects. 

The first study was designed primarily to test our hypothesis that TNF was of 
importance in the pathogenesis of RA. In this pilot study, we recruited 20 patients 
from our own hospital clinic and following referral from outside physicians. Each 
patient had refractory disease, in that they had a relatively long disease duration 
(median of 10.5 years), had either failed therapy or had reacted badly to several 
standard disease modifying antirheumatic drugs (DM ARDS) and had continumg 
evidence of active synovitis. Although patients were permitted to continue on 
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stable doses of non-steroidal, antivinflammatory drugs and low dose cortico- 
steroids, any disease-modifying drugs which the patients-were taking at screening 
were withdrawn over a'4^ 

The antibody used in the study and in subsequent trials was cA2 (Centocor, Pa, 
USX) a chirtierized (humiah IgGi/niou^^ mbhoclbnkl ahtibbdy with ispedficity 
for human TNFa, with maintenance of high affinity binding (Knight ct al. 1993). 
Although this was the first occasion that such an antibody had been used in rheu- 
matic disease and the dosage fequired was. unclear, we had preliminary evidence 
from the CIA model as a guide to the dose range (Williams et al. 1992). We adminis- 
tered either 2 or 4 infusions of cA2 over a period of 2 weeks, each infusion lasting 2 
hours. The total dose delivered in each treatment regime was the same (20mg/kg). 

The patients were followed using a number of different clinical and laboratory 
measures of disease activity and the overall response to treatment was assessed 
by means of the Paulus criteria*, a composite disease activity index incorporating 
six independent variables (Paulus et al. 1990) modified to accommodate the for- 
mat of our data (Elliott et al. 1993). The results from this small pilot study were 
most encouraging. 19 of the 20 completed all scheduled infusions, with the one 
patient dropping out at the 2-week infusion point because of a concomitant illness 
(bronchitis). Pa tientS; showed marked improvement in all clinical measures, with 
the most rapid changes seen in the duration of morning stiffness and pain score 
and gradual but still marked improvements in the swollen and tender joint counts. 
Other clinical measures including the grip strength and the patient's assessment 
of response also showed significant improvement. The clinical improvements were 
supported by significant falls in laboratory measures of disease activity including 

TABLE III 

ILr6 and measures of the acute phase response after f regiment with cA2 



Measure 



Time 

(days after 
treatment) 


IL^ 
(pg/ml) 


SAA 
(mg/ml) 


CRP 
(mg/l) 


ESR 
mm/hour 


0 (entry) 
1 
7 
14 

28 
56 


♦60 (42, 104) 
14(1,43) 
40 (8. 60) 
32(1,51) 
10 (2, 48) 
3 (0, 14) 


245(127,513) 
190(61,415) 
58 (26, 148) 
SO (38. 220) 
118(44, 300) 
105 (54, 140) 


40 (28, 67) 
26 (18, 57) 

5 (2, 13) 

6 (2, 29) 
11(4,32) 

6(3. 25) 


55 (24, 77) 

**ND 
26 (19, 43) 
27(15, 52) 
23(16,57) 
. 30 (21, 55) 



* Median (interquartile range) of up to 20 patients per point. 
** Not done. 



*Paulus criteria: Significant improvement in at least 4 of 6 variables, defined as: 

• at least 20% improvement in continuous variables (tender and swollen joint scores, dur- 
ation of morning stiffness, ESR)^ 

# al least 2 grade improvement in patient's and observer^ assessment of disease severity. 
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the apute. phase. proteins, .serum amylpid-A (SAA), C-reactive.protein.<GRP) and 
the erythrocyte sedimentation rate (ESR; Table III). The response in each of 
these measures was rapid, with maximal improvement from day 7 after treatment. 
Significant falls were .also seen in serum levels, of IL-6, an important cytokine 
ihvolVifed in tM h^^^ 

had normalized by. day 1 after treatment and remained low for the duration of 
the study (Table III and data not shown), Serial changes in serum 11^, 5AA and 
CRP in a patient with a godd response to cA2 are shown in Fig. 3 and demon- 
strate normalization of I L-6 levels in advance of the acute phase proteins. The 
data are cohsistent with the hypothesis that TNF blockade leads to inhibition of 
IL^ synthesis, with subsiequent down-regulation of hepatic acute pha^^ protein 
synthesis. Other laboratory measures which demonstrate a trend towards im- 
provement included the white blood cell and platelet counts and the hemoglobin. 

Although these results were obtained in an open label, uncontrolled trial, the 
consistency and extent of the clinical improvements and the parallel changes in 
laboratory measures of the acute phase response suggested that the responses 
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Figure 3. Changes b serum I L-6, SAA and CRP in a patient treated with cA2. The patient 
received a single iimisi^n of 10 mg/kg cA2 at entry (week 0). IL-6 and SAA were measured 
by ELISA (Medgenix Diagnostics and Biosourcc International, respectively) and CRP were 
measured by rate nephelonielt^. Norma! ranges: lL-6< 10 pg/ml; SAA< 10 mg/ml; CRP< 10 
mg/ml. 
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were likely to be due to a true therapeutic effect. As the definitive test of the 
importance of TNF in the pathogenesis of RA and of the clinical {efficacy of cA2 
iSn .this><iise^ 

compared the use of cA2 to placebo (human serum albumin) (Elliott et al. 1994a). 
Many pf the d^ign fea the rcijuireinent for longstanding, refrac- 

tory disease, the requirement for withdrawal from DMARD therapy and the need 
for stable doses of other concomitant .ihedications wrc maintained into the 2nd 
Study.. Patients were given a single infusion of placebo .or cA2 (at a dose of I or 
10 m^g) and wefie follovi^ by bfi^ 

The predetermined, primary endpoint of the study was the achievement at 
- week 4 of a response according to the Paulus (20%) criterion^ Using this measure 
there were substantial and clear differences between the 3 groups, with only 2 of 
the 24 placebo recipients (8%) responding compared with 19 of 24 patients (79%) 
treated with high-dose cA2. The responses of the low-dose cA2 recipients were 
intermediate, demonstrating a dose-response relationship (Fig. 4). If the threshold 
of improvement was raised to a 50% improvement in Paulus index at a 4-week 
end-jDoint, then 58% of patients treated with the higher dose of cA2 gained bene- 
fits from treatment (Fig. 4). Although considered supportive in nature, the im- 
provements in individual disease activity measures were also of interest and simi- 
lar changes were seen in the cA2 treated groups to those seen in the open label 
study. In particular, the tender and swollen joint counts, the pain score, the dur- 
ation of morning stiffness, the fatigue score, the grip strength and the patients' 
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Figure 4. Responses at week 4 in patients treated with high (10 mg/kg) or low (I mg/kg) dose 
cA2 or placebo. Patients received a single infusion of cA2 or placebo at entry (week 0). Re- 
sponses were calculated according to Paulus 20% or 50% criteria, as described in the text, p 
values represent significance of changes compared with placebo by Fishcrls exact test 
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* and bbservers- assessments of diseafe^ severity all showed hfighly; significant; itn- 
- provementSi--These<:hanges were^matehed by. improvements, in, the ESR and CRP,. 
particularly in the high-dose cA2 group. As in the open label study, the infusions 
were well tolerated and though a variety of adverse events were seen, the overall 
safety profile of cA2 was good, and the adverse events were not greater at high 
•'doses of cA2'than .p!aceb^^ ..;/;..-..../v; \ , ... 

One element of particular interest in this study was the improvement in the 
hemoglobin concentration Jn.patie^^^ (reatjpd" y;dth h cA2, compared with 

a fall in placebo-treated patients. Although these changes were small in magni- 
, tude,. they occurred oyer a p^riojd of. only 4 v»^ks in^tlig. setting of significant 
venesection for safety monitoring, and the difference between the changes in pla- 
cebo aiid high-<lbse cA2 groups was highly significant: The anehiia of chronic 
disease seen in RA is multifactorial in origin but recent evidence suggests that 
TNFa has a direct effect In the bone marrow in suppressing -erythropoiesis (Rood- 
man 1987, Johnson et al. 1989). While, the improvements in hemoglobin in cA2 
treated patients might be simply a reflection of improvement of overall disease 
state, a more interesting hypothesis is that cA2 is directly interfering with TNFa 
mediated suppression of erythropoiesis in the bone marrow. 

The results of this study confirm that cA2 is a highly effective agent in the 
short-term suppression of RA and strongly support the hypothesis that TNF is 
a significant contributor to the inflammtory stale in this disease. The findings do 
not however directly address the question of the relative importance of TNFa 
and IL-I in disease pathogenesis. No full-length reports are yet available describ- 
ing the use of specific IL-I blockers in RA, but preliminary data presented in 
abstract form suggest some therapeutic efficacy for both IL-Ira (Lebsack et al. 
1993) and a soluble receptor for IL-1 (Drevlow et al. 1993). 

The data presented so far suggests thai cA2 may find a role as a remission 
inducing agent in RA, or in the control of acute disease flares. A more ambitious 
goal for a new therapeutic agent, however, would be long-term disease sup- 
pression and in particular the achievement . of disease modification. Although 
many of the currently available drugs in the treatment of rheumatic disease are 
termed ^disease modifying', the evidence that they do in fact alter outcomes is at 
best arguable (Brooks 1993). TNFa has major effects on cartilage metabolism, 
including the inhibition of collagen synthesis and the stimulation of collagenase 
production by fibroblasts and synovial cells, together with both direct and indirect 
effects on proteoglycan metabolism (reviewed by Vassalli 1992). It might be ex- 
pected, therefore, that long-term TNF blockade would favorably influence carti- 
lage metabolism and reduce tissue damage. 

Experience with cA2 suggests that, although it is a reliable disease suppressing 
agent, the responses are transient, with patients showing disease relapse after a 
period of months after the antibody disappears from the circulation. In our first 
experience in the repealed use of cA2, we administered cycles of therapy to a small 
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number of patiehts origihally enrolled in the opeh label trial: Seven patients com- 
pleted be;tween 2 and 4 ^complete treatment cycles, with each <^de -administered 
' upbh evidence of diseasfe' relapsd'Tlie findings have been reported in full recently 
(Elliott et al. 1994b), with repeated responses after each cycle administered, and 
"' mainfenaLrice of tespdhse m"agnitude,'but a trend (hori^^igriificant) to shot'teriing're- ' 
; sponse duration. Of- particular- interest in this study was -the tissue of immune- . 
genicity, since the murine variable region of cA2 might be expected to stimulate anti- 
murine responses upon repeated dosing. Although only 1 patient had developed an 
anti-murine response in the original open label trial (unpublished data), 50% of the 
patients re-treated with cA2 developed such responses, mostly at a low titer. 

The clinical significance of these immunological responses to injected antibody 
are as yet unclear, but it is possible that they could limit therapeutic efficacy with 
long-term treatment either through accelerated clearance of injected cA2, or by 
blocking cA2 binding sites to TNFa. Overcoming these responses is likely to repre- 
sent the major therapeutic challenge for the repeated use of cA2, or indeed any other 
engineered thereapeutic antibodies, since even ^humanized' antibodies are poten- 
tially immunogenic (Isaacs et al. 1992). While a number of approaches could be 
adopted to circumvent the development of such responses, administration of anti- 
bodies to CD4 to block the development of antiglobulin responses to concurrently 
administered anti-TNF antibody has been discussed in the previous section on ani- 
mal models. 

Preliminary reports from 2 other studies targeting TNFa in RA have been 
made recently. In one; a humanized murine antibody (CDP57I) was administered 
to patients with active rheumatoid arthritis in a placebo controlled, dose escala- 
tion study (Rankin et al. 1994). The antibody was well tolerated and significant 
improvements were seen in a number of individual disease activity measures, in- 
cluding the tender joint count, the pain score and the ESR. A second reported 
study employed a fusion protein, comprising recombinant human p75 TNF recep- 
tor coupled to a human IgGl Fc framework (Moreland et al, 1994). This dose- 
ranging study incorporated intravenous loading at entry, with twice-weekly sub- 
cutaneous administration of the fusion protein for maintenance therapy. Signifi- 
cant improvements were seen compared to baseline for the tender and swollen 
joint counts, the patient and physician global assessments and the duration of 
morning stiffness, together with the ESR. These data lend support to our findings 
and further validate the clinical efficacy of TNFa blockade. The current status 
of trials in progress with anti-cytokines mostly published in abstract form, is 
summarized in Table IV 



MECHANISM OF ACTION OF ANTI-TNFa ANTIBODY THERAPY 

The *pleiotropy' of TNF action, jargon for its multitude of effects on various cell 
types, driving multiple biological processes, is the likely reason for the marked 
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Target Therapy Results 



TNFa 


• Monoclonal anti-TNFa antibody: 

- Chimeric {cA2) (Centocor)"*" 

• Soluble TNF-R-Ig fusion prolcms: 

- TNFRiFc (p55) (Roche) - 

- TNFR:Fc (p75) (Immunex) 


♦RCT: beneficial 
r ^ Jpose escalation: . beneficial v - ' \ .... .. ■ 

In trials: beneficial 
' Dose ranging: beneficial 




IL-I 


• IL-lRA(Synergen) 
'0 Soluble IL-I R (Immunex) 


Dose ranging: beneficial 
■ RCT: trend ^to beneficial ^ - 




lL-6 


, # Monoclonal anti^IL^ antibody 
- murine (BE-S) 


Open label: beneficial 





*RCT= randomized placebo-controlled trial. 

'*'=published as full papers, rest are published in abstract form. 
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effects of anti-TNF therapy in vivo. However, it remains to be established which 
of these many cfTects of TNF, inhibited by anti-TNF, are of central importance 
in the therapeutic effect. Our current working hypothesis, based on the results so 
far that the cA2 anitbody has two major effects. It interrupts the cytokine cascade 
in vivo, ]usi as it does in the in vitro rheumatoid synovial cultures. The best clinical 
evidence for interruption of the cytokine cascade in vivo is the rapid and marked 
reduction in the CRP, the rise of which in RA reflects the cytokine activation of 
the hepatocytes, probably chiefly by IL-6, but possibly involving any of the cyto- 
kines whose signals are mediated by gpl30 (e.g. LIF, IL-1 1). Supporting evidence 
for widespread cytokine blockade has been obtained by the fall in serum IL-6 
levels by ELISA (Fig. 3). Cytpkine blockade and diminution of events down- 
stream is probably of major importance in the rapidity of onset of clinical benefit, 
and in the reduction in local inflammatory features, such as morning stiffness, 
pain and joint swelling. . . 

However, an important feature of cA2 therapy is the duration of clinical bene- 
fit, much beyond the fall of serum levels of anti-TNF to levels not capable of 
neutralizing TNFa bioactivity within the RA joints. A number of lines of evi- 
dence have converged to suggest the hypothesis that cA2 has a major effect on 
the recruitment and trafficking of blood cells to the joint. Endothelium in RA 
synovium has been reported to express increased levels of adhesion molecules for 
leukocytes, such as E-selectin, VCAM-1 and ICAM-1 (Koch et al. 1991, Fischer 
et al. 1993, Johnson et al. 1993, Cronstein 1994, Szekanecz et al. 1994). Since 
blood cells, neutrophils, but especially macrophages and T cells, are needed for 
maintaining the disease process and do not proliferate much locally, interruption 
of the influx of cells may be of major significance in the duration and depth of 
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Figures. Reduction of inflammation in the synovial membrane in RA patients treated with 
anli-TNFa monoclonal antibody {cA2). Multiple synovial biopsies were taken before and 
14 days after cA2 infusion from 4 patients in the *open-labeI' clinical trial and analyzed for 
the degree of inflammation. Two distant sections from each biopsied sample were graded 
by scoring the thickness of the lining layer, cellular infiltration and the number of lymphoid 
aggregates (Fireslein et al. 1991). Each point in the figure represents the average value of 
the two sections of each biopsy. 



benefit. Moreover, it suggests that blocking TNF long-term could interrupt the 
destructive process itself, which needs cell influx to sustain it, rather than merely 
redudng the clinical features such as pain and swelling more effectively than 
exisdng drugs. 

The dues we have obtained to support the role of trafficking have come from 
synovial histology, where the adhesion molecules on synovial endothelium have 
also been studied, and from analysis of the serum marker of endothelial acti- 
vation, soluble E-selectin. 

Synovial biopsies before and 14 days after cA2 infusion were available from 4 
patients in our first *open-Iaber dinical trial. In each patient, at least 3 biopsies 
were taken from the same knee joint before and after therapy. Two distant sections 
from each block of biopsied tissue were stained and examined for thickness of the 
lining layer, cellular infiltration and the numbeir of lymphoid aggregates. These 
parameters were used to score the degree of inflammation of the synovial mem- 
brane. We found the score to be high in 3 patients and only minimally raised in 
1. In the 3 patients with the highest inflammatory score, there was a reduction 
from a mean value of 6.8 to 3.5 following cA2 therapy (Fig. 5). Other histological 
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features wre assessed. The synovial lining layer is relatively uniform in individual 
joints, in contrast to the sublining layer which shows regional variability. The 
rmihg* layer decreased frbm 6^8 cells thick lb 3^ cells. thick following therapy 
-Lymphoid aggregates' are p 

•and showed a reduction from 5 to 3.5 per. low^power field,. Since. neovasculariz- 
ation is a prominent feature of the RA synovium, the number of blood vessels 
(defined by staining with antibody to von Willebrand Factor and a specific anti- 

,.endothelial antibody EN4) (Ruiter et al. 1989) was <x)mpare<L There was no sig- 
Yiifi&ht cliahgfe in of v^ls in pr^a^ specimens: r v 

Since trafiicking of leukocytes to the joint is an important process in the patho- 
genesis of rhicumatpid arthritis and augmentecj expression of ei>dqA^ adhesion 
molecules is involved in this process, we monitored the expression of ICAM-1, 
VCAM-l and ;E-seIectin on vascular, endpth^elium in J^^^^ biopsies, I^AM- 1 and 

. VCAM-l were detected on most vascular endothelial ceils, as well as many of the 
Hniri^ layer cells. This i$ expected, basad <Sn the expression bf these molecules on 
antigen-presenting cells as well as endothelial cells. There was a tendency for 
VCAM-l staining on endothelial cells, but not on lining cells, to be reduced post- 
treatment, but no changes in ICAM-1 expression on endothelium were noted. 
Antibody to E-selectin exclusively stained 3-28% of vascular endothelial cells on 
capillaries and venules. The expression of E-selectin was significantly reduced in 
the post-treatment samples (Fig. 6). 

Recently it has become apparent that many adhesion molecules, like cytokine 
receptors, also exist in the serum in a soluble form, to complement the cell surface 
form. Their function in the serum is not clearly documented, and unlike sTNF- 
R, which was discovered as a urinary TNF inhibitor, it is not yet known whether 
they are competitive inhibitors. However, it is known that these molecules are 
derived from proteolytic cleavage of the surface form, as no alternatively spliced 
mRNA has been found, at least for ICAM-1 and E-selectin (Gearing & Newman 
1993). Release of soluble ICAM-l and E-selectin has been found to correlate 
with expression of these molecules on the surface of cytokine-activated cultured 
endothelial cells (Leeuwenberg et al. 1992, Pigott et al. 1992). Elevated serum 
levels of ICAM-I, VCAM-l and E-selectin have been observed in RA (Cush et 
al. 1993, Koch et al. 1993, Wellicome et al. 1993), although only ICAM-1 and 
VCAM-l appear to correlate with disease severity (ESR) (Aoki et al. 1993, Ma- 
son et aL 1993). 

In order to further assess the significance of the reduction in E-selectin ob- 
served on synovial blood vessels, levels of soluble E-selectin were assayed in serial 
serum samples, and were found to be diminished by cA2 therapy in 19/20 patients. 
The earliest observed decrease was at day 7, although serum levels appeared to 
be attenuated even at 4 and 6 weeks (Fig. 7). In some patients levels returned to 
baseline by day 56 (in 5/20 levels were rising by weeks 6 to 8); however, in most 
patients levels were still below pre-treatment levels at that time. The initial levels 
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Figure 6, Decrease of E-seleclin expression on endothelial cells In the synovial membrane 
in RA palienis treated with anli-TNFa monoclonal antibody (cA2), The synovial biopsies 
(as staled in Fig. I) u^rc stained with a mouse monoclonal anti-human E-selcclin antibody 
(BBAl). The expression of E-sclcclin on endothelial cells was reduced in the post-treatment 
samples in the same 3 patients thai showed reduced inflammatory scores. 



in the 20 patients varied considerably from 41-224 ng/ml (mean normal 47.6 ng/ 
ml). In I patient, in whom no diminution of soluble E-selectin levels was ob- 
served, the initial levels were in the normal range (<50ng/ml). 

Levels of soluble ICAM-1 were assayed in only 3 patients, and also exhibited 
an apparent decrease following cA2 therapy. Mean serum ICAM-1 levels de- 
creased from 351.7 ng/ml (pre-infusion) to 262.3 ng/ml by day 7, althoiigh this 
difference was not statistically significant due to the low number of patients 
tested. Four weeks post-infusion the levels of ICAM-1 appeared to be returning 
to pre-infusion values. Finally, sera from a total of 10 patients were assayed for 
soluble VCAM-I. There was no significant difference detectable in levels of sol- 
uble VCAM-1 at any time after cA2 infusion (Fig. 7). 



SUMMARY 



Rheumatoid arthritis is a common cause of chronic disability for which current 
therapies are of limited value in controlling the disease process and outcome. Our 
initial approcah to understanding the pathogenesis of RA and defining a novel 
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Fif^ure 7. Serum adhesion molecules after anti-TNF infusion. Circulating levels of serum E- 
selectin (-0-) VCAM -! (-•-) were measured by EUSA (British Biotechnology Products 
Ltd, UK) after infusion of cA2. Values are means of 20 and 10 patients respectively. Signifi- 
cant difTerences versus pre-infusion values were determined by Wilcoxon signed rank test 
(*) p<O.OI,(**) p<0.001. 



therapeutic target was to investigate the role of cytokines by blocking their action 
with antibodies on cultured synovial-derived mononuclear cells in vitro. These 
investigations suggested that neutralization of TNFa with antibodies significantly 
inhibited the generation of other pro-inflammatory cytokines also over-produced, 
such as, IL-I, GM-CSF, IL^ and IL-8. The implication that blockade of a single 
cytokine, TNFa might have far-reaching effects on multiple cytokines and thereby 
exert significant anti-inflammatory and protective effects on cartilage and bone of 
joints, was tested in arthritic DBA/l mice immunized with collagen 11. Impressive 
amelioration of joint swelling and joint erosions in this model encoura^ clinical 
trials with a monoclonal anti-TNFa antibody The cA2 chimeric anti-TNFa high- 
afiinity antibody was initially tested in an open-label study at a dose of 20 mg/kg 
on 20 patients, with substantial and universal benefit. Subsequently, a randomized 
placebo-controlled double-blind trial was performed on 73 patients comparing a 
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single intravenous inje<^ion of placebo (0.1% human serum albuniin) with two 
doses of cA2/U6ing ^i <5om^^^ disease activity index, ait 4 weeks post infusion, 
8% of patients receiving placebp improved compared with 44% receiving I mg/kg 
: cA/2 and 79% receiving 10 mgOcg. Between 2 to 4 repeated cycles of c/i2 were 
administered to 7 patients and all patients showed improvement of a similar mag- 
nitude with each q^cle. Th^:data,support our .proposition that TNFa is irapli- .. 
cated in the pathogenesis of RA, and is thus a key therapeutic target. Monoclonal 
ariti TNFa antil>ddies control disease flares and are candidate agents for longer- 
term control of RA, although repeated therapy with cA2 is associated with anti- 
idiotypic responses in 50% of patients and a trend toward shortening of the dur- 
ation of response. In the DBA/I arthritic mice, synergy of action of anti-TNF 
and anti-CD4 is observed together with suppression of an anti-globulin response, 
indicating one way in which benefit might be augmented in the future. 
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